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HE HTHRTEF AN EIRT NS FRENH, AARXREREEF MO THERAR
microRNA (miRNA)F & il 5 %% 4 By 3£ 4L £, %t tyrosinase related protein 1(zyrpl)#7 mmu-miR-143-
5p_R+2(mmu-143)#AT 7 R A A | A FHFIM KB IE 94T, & 8# L RACE 7 % 7w B 45 2| g {48
KFEE tyrpl Wy 2 N TR, SR AT R BH3X 2 AN KRR & tyrpla 70 tyrplb, £l I RNAhybrid
BEFME mmu-143 i 5 yrpla ZRFEEEXRZ, B RK LB LR P BIE T X -85
KR, t—FWRNETEERET, ypla AR EEF I LR T WKL ERE T T AT Ik
WERKE, EFTHIEY mmu-143 WRAEREFRT AT LRI NERELE, RAXKIA,
T8 rpl B2 ANEER, 25 & tyrpla 7 tyrplb, WK F B 5L 50 fn € & PCR 24740 7 3 52,
tyrpla & mmu-143 W ELE, mmu-143 ZREALEE prpla AR KL K0T E AN, AR
R NENBT T G R &N FIHREEZ IR
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FISR A, W ZLIE (WK 5, 2006) . 0208 (2= FL 55,
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M. oM, AR, R4, AER
PO R (2R 20 B, 5 s HL AT BB Y AR LI e i 2L 3h
HONE 2% FRTE 2SR oY B4R h TR M
B L (Danio rerio) . B W5 (Oryzias latipes)F 7 EfaZS
(Koga et al, 1997), TGS RFEE D

F ¥ (Paralichthys olivaceus)J&— F % 1 V5 AR
WEME, BRERE N 17C~20C, HAEENER
MATME, WZIHBHENEEZ, T3 W, R
I E KA R, A EEE R 2w
B A LB  S H I, B IR Az Bk Ak A G R
BB G, SE S0 T R A A Ok 2 AR,
2017). HET, WA AL F 2575 5%(Seikai et al, 1987;
Yamamoto et al, 1992). ¥ 3% (Takahashi, 1994; Seikai,
2010)F14= B K Z (Burton et al, 1995; Seikai, 1992; Yoo
et al, 2000)5F 03¢, MAEREFREEAEM T, H
RN AR IE T T AR L5 R .

MicroRNA(miRNA)Z & 21~25 nt {5 B IR SF YR
BEIEgmA /N RNA, el 55 mRNA 19 303k &
PEX(UTR) EAE T UTER A mRNA, 724 585 V815 3 12
hREEZEM. CLIMAZA miRNA 2 5
FLEh Wy A Z UMk B S P (Kim e al, 2014;
Zhu et al, 2010; Dong et al, 2012), F#f 4L B4 p 2
9 & miRNA 9 3RIK SAPE WA IR AT . Al
RTINS 2 el I R AR RS T —HEAE
B TEH RN AR R Bk 22 SRR A T miRNA . ASHIFSY
TEMLFEAY I, #EHX tyrosinase related protein 1 (tyrpl)Fil
mmu-miR-143-5p R+2(mmu-143)JF Ji& T A [] 40 41
BRI . L DR T B B UE A BT A, S B
A A A FHILTI 0 e Y A o 8 0 L TR

1 SR
1.1 SEIedfal

ARSI 0 R & B RO A G596 1 A HR A
B R AR R A8 Y TE F 2 BE R R RO R 4 B S50
A MR A 2 1k A2 6 pR L 2R 45 T BE T B0V oK 7
RN RIHRAE S 2B H 5 A 8 15 5 A 1k 2 B %) A5 HR )
Bk TOHR M B2 Bk . AT AR ALER . TR AL | PR
BE.OMG. B, MR GOHE. BRE. BAE. HE 13 A
LU, CRRAR A IR, LIS 242 I RNA
iR, 293T 41535 T 37°C . 5% CO, 544 F B4 i
WiFih o
1.2 FEE&ZAZ Total RNA RIZENFN cDNA & 1 4%

K&

% H TIANGEN miRcute miRNA 254355t 51

AR R SR Total RNA, SRJGH 1%035008
R IBC HL VKRS I BT 4 RNA A HE, R4 ek i
FHE I RNA M T . RNA FE5 T80 CI-7F

B 1 pg /Y Total RNA ] FastQuant cDNA 2 —
A R B (22 3 AL AT R S5 i cDNA 55 1
B, 20°CHRA7, HIT ek el i B . Hl SMARTer®
RACE 5'/3'Kit (Clontech)& i 5'#1 3" Ready, HF 5’
F1 3'RACE I 7ElE

tyrpl EE B E

I FH e SR 0 - 285 SR S 5 ) tyrp 1 ) 2 AT SR AR
tyrpl  GS_012029(tyrpl-29) 1 tyrpl  GS_009038
(tyrp1-38), WALV tyrpl1-29 Jp B EATIE R S BN 41 o
PUIEH F BEA HR AN 2 Ik cDNA MR, LI tyrp1-29-F1
Ml tyrpl1-29-R1(ER 1)A5 W17 E R By PCR 47
L ROVARFR 50 wl, RNEEF: 94°C, 5Smin; 94°C
305,54°C 30s,72°C 50s (35 MEH); 72°C, 10 min,
# PCR =¥ IS 5 pMDI18-T AT HEFE AL N,
PREL 3~5 A~ BHPE v B % B H 4R R o A
Vector NTI Advance 11 ZAFHE4 I P25 S A XT HLA0HT o

IR A4 e e B T 514 tyrp1-29-5'GSP
tyrpl-29-5'NGSP . tyrp1-29-3'GSP Fl tyrp1-29-3'NGSP
(F 1), LA Ready NEARIEAT tyrpl-29 5'F1
3'RACE W45 PCR ¥ 3, —f W4 fG, ¥ —%
PCR =¥ 50 f54F 8 4% PCR AYBARIEAT — 5
PCR, ¥ PCR =¥l )5 5 pMDI18-T #H1TiE 5L I
N, FREL 3~5 AN BHPE v Rk B SR A /I . A
Vector NTI Advance 11 FEEATI0 F45 5 0% H AT

14 typl EEFIIHEREB ST

TEINAR R tyrpl-29 F tyrpl-38 A Ay Hha) F
B . 5% 39S, FH Vector NTI Advance 11 #47 %
SIPHE, RIS prpl-29 Fl tyrpl-38 73, SRJG
HEAT T IR0 EAE 73 B AR 5T B33 . A NCBI H T 3%
HABAFE R Tyrpl BZEEERRF S, 515200 7 6F
Tyrpl ZFEMR 75 #E47 RIVEE b X, MEGA 5.0 3K
v NJ ¥ (Neighbor-joining Method) ) # £ 4t ¥4k
B, B E 1000 K bootstraps 1T RG AL ITAL

15

13

tyrpl EEER L EE PCR

A SYBR Premix Ex Taq ijfl| & (TaKaRa)ift 1755
i 2¢ ot it PCR, Fl Primer 6.0 Wil & 514
tyrpla-qF Fl tyrpla-qR(F V)iEAT tyrpla R B 250 E
R, Lh B-actin NZ, DLER FEALA68FY 13
MR cDNA AR , & 2 3 A P47 1Y 558
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BAMA, BAEEAMEA 3 IRESE . ABI 7500 Realtime
PCR {¥(Applied Biosystems, 3&[E)H HFrMEFRET: 95°C
30s; 95C 55, 60°C 34 s (40 FE¥F); 95°C 15s; 60°C
1 min; 95°C 15 s,

1.6 tyrpla5 miRNA HEEXRZTN

F|H RNAhybrid (https:/bibiserv.cebitec.uni- Bielefeld.
de/rnahybrid?id=rnahybrid_view submission)¥f £ 73 [
32N tyrpla B 3'UTR JF 4115 miRNA #F47HE 5L
T, I E] yrpla 5 mmu-143 ATRERYHR R E R S
1.7 miRNA HIEE. REFRKAEE

i F TIANGEN miRcute miRNA 254355t 51

EHRHUY FE4 4L Total RNA 1437 miRNA %5
small RNA, [ t, W H4ZH TIANGEN miRcute
miRNA ¢DNA 25 —55 & il &b T R 3% 5k o

3% miRNA [ cDNA J5, 1] TM Utility 1.5-iTech
Wit mmu-143 FiffE #5149 mmu-143-FCR if & &
A& R A T E AT . DL 5SS TRNAGGR 1)
HNZ, DUEE M AT R 13 N4HZE miRNA
cDNA Wi, A HLUIHEE 3 A7 L5k,
BFASLIAMAESE 3 R,  miRcute #5504 miRNA 566
SE R H & (SYBR Green, TIANGEN)#ATE &
SN, JMNAKZFR: 10 ul 2xmiRcute Plus miRNA
Premix(with SYBR&ROX), mmu-143-F(10 pmol/L)#

*k1 AWMEAAEANSIY
Tab.1 Primers used in this study

5|¥) Primer 7% Sequence (5'~3")
tyrp1-29-F1 TACTACTCCGTCAGCAAGA
tyrp1-29-R1 GTCTCCTCAACCATTCATCA
PMD18-T-F1 CGCCAGGGTTTTCCCAGTCACGAC
PMDI18-T-R1 AGCGGATAACAATTTCACACAGGA
UPM Long Primer: TAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT
Shot Primer: CTAATACGACTCACTATAGGGC
NUP AAGCAGTGGTATCAACGCAGAGT
tyrp1-29-5'GSP GATTACGCCAAGCTTTGGCAAAGTTCCAGTAGGGCAGGGCGAA

tyrp1-29-5'NGSP
tyrp1-29-3'GSP
tyrpl1-29-5'NGSP
tyrpla-qF
tyrpla-qR

jf actin-F

jf actin-R
mmu-143-F

5S rRNA
tyrp1-38-5'GSP
tyrp1-38-5'NGSP
tyrp1-38-3'GSP
tyrp1-38-3'NGSP
tyrp1-38-F1
tyrpl-38-R1
tyrpla-3'UTR_F
tyrpla-3'UTR_R
tyrpla-mut_F
tyrpla-mut_R
pGL-3 F
pGL-3 R

GATTACGCCAAGCTTTGTGCCAAGTGACGAATCCGGGACCCT
GATTACGCCAAGCTTCAGCAGGAAACGTCAACAGGCCGATGGT
GATTACGCCAAGCTTCTGCTCCACACCTACACTGACGCCATCT
ACAACCTGGCACATCTCTTCCT
ACTCTGTCTCCTCAACCATTCATCA
AATCGTGCGTGACATTAAGGAG
GGAAGGAAGGCTGGAAGAGG

GGTGCAGTGCTGCATCTCTG

GCTTACGGCCATACCACCCT
TTCTCGAACTGTGGGCTGTTGCCATCGG
AGCTTGGTCCAGAGCGTTCACGAATGCT
GCCAGGCGAGCTTTGGAGGTGTAGACTT
ACATGCAGGCGAGAATGCTGGGTGAACC
CTGTGGTGAGGAGGAATATC

AGAGTTGGTGCTGATGGA
ACGCTCGAGGATGCGTGTTTGAACACAAG
ACGGCGGCCGCCAAGTTGTAGGTGTTTAATT
TGATGCCAATTCTAGAATGCTGATT
CCTTTAAATTGAAACACATTCTCAA
CAAGTGCAGGTGCCAGAACAT
CCAACAGTACCGGAATGCCAAG
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Reverse Primer (10 pmol/L)%% 0.4 ul, 2 pl 50xROX

Reference Dye, 1.5 ul miRNA 55—%% cDNA, 5.7 ul

ddH,O, SR 20 plo WFEF: 95°C 15 min; 94°C

20s, 60°C 34 s(40 fEH); K fithZe b,

1.8 WX ZEBEH KL pmiR-RB-REPORT ™My &
Y53 P oMy

T ERH tyrpla 3'UTR 45 miRNA mmu-143 f£7E
BEXTR G FR, RIIBOCRBESLITE 293T 4 fd itk
T80 E, Jr FH Y B¢ 2l i)k 25 3 /& pmiR-RB-
REPORT™ }, mmu-143 mimic 1 mimic Ncontrol 34}
J M T B AR MR A BRA w e

H Primer 6.0 %1153 535 A Xho 1 #1 Not 1 B Y1137
S RS9 tyrpla-3' UTR_F Al tyrpla-3' UTR_
R(FE 1), VIEH F 6 cDNA Jfkitl, PCR ¥
¥ tyrpla 3’ UTR X 7 B AF| pmiR-RB-REPORT™
FARM hRlue FUF, 4 E LA R By e B4k
5 mmu-143 mimic 55 YL 5 293 T Ml (£ 2, A 4).
BAN, ¥ pmiR-RB-REPORT™ |- 14 A B¢ Jf] TaKaRa
MutanBEST Kit #4722 /55 mmu-143 [R5 5L 5
293T 4ififarf, VBN —4IX RSCE (R 2, B4l), 1IE%#
AR B2 9 5 miRNA BB P XS B NC s iy
VE Ry 2 dHXFIR(F 2, C 4RI D 4).

x2 HRERERBS

Tab.2 The composition of cell transfection

21 9] VoMEM Volume of MiRNA/
Groups (ul) vector/1ip2000

AN 47 3 ul mmu—143 mimic (5 nmol/L)
45.5 4.5 pl tyrpla-WT(800 ng/pl)
47 3 ul lipofectamine 2000

B4l 47 3 ul mmu-143 mimic (5 nmol/L)
47 3 ul tyrpla-Mut (800 ng/ul)
47 3 ul lipofectamine 2000

(OF ;| 47 3 ul miRNA NC (5 nmol/L)
45.5 4.5 pl tyrpla-WT (800 ng/ul)
47 3 ul lipofectamine 2000

D 4 47 3 ul miRNA NC (5 nmol/L)
47 3 ul tyrpla-Mut (800 ng/ul)
47 3 ul lipofectamine 2000

1.9 WRNEBEELE

BOS B0 KRS 293T 40 LI4EFL K2 5x10* 4
Mo Rh T 24 FLARP, T 37°C L 5% CO, Y551 F 1
FFid G, R lipofectamine 2000 #2183 2 MK R

PEATARMEE Y, 37°CHE3% 48 h JE, B RA IR
b B4 U ' 2R T 55 356 PR AG: 04X 791 65 SFe A6 0 3 A
miRNA 58 B2 A BAEXR.
1.10 HIBITEHZE

FE i PCR 5256 A R P 5 miRNA 4 A 5% 26 38 7K S
SR 20O A, S R T AR S (Mean
SE). HI SPSS 17.0 4r#fr ¥4k B A & J7 22 53 B
(One-way ANOVA), Jf#47 Duncan ZH H#g, 4
P<0.05 FHA N 2253 835, 24 P<0.01 AN 22 340 3 o

2 H#R

21 FEtypl EEERKREEGSHT

T RACE Jrik ek 1 tyrpl-29 Fl tyrpl-28,
tyrpl-29 FEH cDNA 4K 7 2145 bp, JF il i 352HE (ORF)
4 1566 bp, 5" UTR XA 127 bp, 3' UTR [X 2} 452 bp
(K 1), FH Vector NTI Advance 11 {44 & ORF X Jf:
BRI 5, JE i X i 521 N FERR, T
FARSTF8h 58.34 kDa. 43MreE FI R4S & FE,
5 1~17 DNEERNE TR, 5 84~112 NI N
EGF X, % 172~407 T4 IEMRN PFAM 243,
469~491 M2 FER R B5 B IX

tyrp1-38 JEH cDNA 4 1792 bp, FFJ SEHE
(ORF)} 1602 bp, 5" UTR [X} 49 bp, 3’ UTR XK
141 bp(I# 2). i Vector NTI Advance 11 44k ORF
X I BRI, SE R s X gt 533 N IER ,
P 4> 7 61.10 kDa, J3HraE B4 # &
PR, 55 27~70 NEIEFR N NH X, 2 137~190 2 3
f5h GLA X, % 475~497 D LR W EE EIX

22 BREHABHE

7€ NCBI 1 Ensemble 4% £ Y 11 Ff Tyrpl 2
FF51 . Hlfi(Gasterosteus aculeatus) Tyrpla (ENSG-
ACG00000019503), # Tyrpla (ENSORLGO00000-
004326). K (Fugu rubripes) Tyrpla (ENSTRUG-
00000012615). B4 Tyrpla (ENSDARG00000029-
204). Hffi Tyrplb (ENSGACG00000015912), Tk
Tyrplb (ENSORLG00000004723), B Tyrplb
(NP_001002749.1), #f7 JN4E (Xenopus tropicalis)
Tyrpl (NP_001016476.1). X4(Gallus gallus) Tyrpl
(NP_990376.2). /N (Mus musculus)Tyrpl (NP_
112479.) 2 N (Homo sapiens) Tyrpl (NP_000541.1)
5 F6ERY Tyrp1-29 1 Tyrpl1-38 —&H/l MEGA 5.0
WA AT RGO (B 3), JP5I5 NP
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241
39
361
79
481
119
601
159
721
199
841
239
961
279
1081
319
1201
359
1321
399
1441
439
1561
479
1681
519
1801
1921
2041

tcatcagtagacagaagtgatgegegttcattttaaacaaagectgagetgaagtgecataaaggcagataaatatectgttggtaaaactgtttgeagecgtgegtaaaactecactttt
tt ggat GGCGAAGCTGCGTTTTGGTGCTTGTGGGCGCGGTGGTCGTGAGCGCTCAGT TCCCCAGAGAGTGTGTGACACCCGAGGGGCTCAGGAGTGGACAGTGCTGCCCGTCACC
MWRSCVLVLVGAVVVSAQFPRET CVYTPEGLRSSGAQTCCPSTP
CACCGGACTCGACAACGACCCGTGTGGCTCCACCACTGGCCGCGGACAGTGCGTGTCCATCACGGCTGACGCGCGGCCGCACGGGCCCCAGTACCCCCACGACGGCCGGGATGATCGGGA
T GGLDNDZPCGSTTGRGCVSTITTADARPIHGPA QYPHDGRDTDRE
GCGTTGGCCCATCCGTTACTTCAACCGCACTTGTCAGTGTAATGGGAACTTCAGCGGCTTTAACTGCGGCCGCTGCAGACACGGATGGACTGGAGCGAACTGTGACCAGCGGGTTTCTGT
RWPIRYFNRTCAQCNGNTFSGFNCGRCRHGWTG GANTCDU QRVSYV
CGTGAGGAGGAACGTGATGCAGCTCAGCGCGGACCAGAAGCGTGCGTTCGTGAACGCGCTGGACCAGGCCAAGCGCACTGTGCACCCGGACCTGGTGATCGCCACGCGGCGCTACACGGA
VRRNVMQLSADAQKRAFVNALDOGQQAXRTVHPIDLVIATR RTRYTE
GATCCTCGGCCCCGACGGGAACACTGTGCAGTTCGAGAACATCACCATCTACAACTACTTCGTCTGGACCCACTACTACTCCGTCAGCAAGACGTTCCTGGGCGCGGGACAGGCGAGTTT
I LGPDGNTVQFENTITITTIVYNYTFVWTHYYSVSI KTTFTLSGAGI QASTF
CGGGGGAGTGGACTTCTCACACGAGGGTCCCGGATTCGTCACTTGGCACAGGTACCACCTGCTGCAGCTGGAGAGGGACATGCAGGATATGCTCCAGGACCCCTCCTTCGCCCTGCCCTA
G 6GVDFSHEGPGFVTWHRYHLTLAGQQLETRDMQQDMLAQDPSTFALTPY
CTGGAACTTTGCCATCGGTGGAAGCACGTGTGACATCTGCACAGATGACCTGATGGGAGCCAGGAGCAGT TTTGACATGAATTCCCTGAGCCCCAACTCCATCTTCGCCCAGTGGAGGGT
¥WNFAIGGSTCDTIOCTDDLMGARSS STPFDMNSTLSPNSTITFAQWRY
CATCTGCGAGAGCGTGGAGGACTATGACACACTGGGAACCATCTGCAACAACACAGAGACATCTCCCATCAGAAGGAATCCAGCAGGAAACGTCAACAGGCCGATGGTCCAGCGTCTCCC
I CESVEDYDTLGTTICNNTETS®PTIRRNPAGNVNRPMYVQRTLTP
GGAGCCCCAGGATGTAGCGGACTGTCTGCAGGTTAACACTTTCGACACTCCGCCATACTACTCCACCTCCTCTGAAAGTTTCAGAAACACAGT TGAAGGCTACAGCGCCCCCCAGGGGAA
EPQDVADCLQVNTTPFDTPPYYSTSSESTFRNTUVESGYSAPA QG GN
CTATGACCCTGTGGTTCGTAGTCTCCACAACCTGGCACATCTCTTCCTGAACGGCACAGGGGGACAGACCCACCTCTCGCCCAACGACCCCGTCTTCGTGCTGCTCCACACCTACACTGA
YDPVVRSLHNLAHLPFLNGTG GGQTHLSPNDPVFVLLHTTYTH?D
CGCCATCTTTGATGAATGGTTGAGGAGACAGAGTCCAGGTTCAGCAACGTATCCTGAGGAAAACGCCCCCATTGGTCACAACAGGGGCTACAACATGGTGCCTTTCTGGCCTCCAGTGAC
AT FDEWLRRQS?PGSATYPEENAPTIGHNRCGYNMYVYPFWPPVT
GAACGCAGAGATGTTTGTGATGGCCCCTGAAAATCTGGGTTACTCGTACGAAGCTGAATGGCCAGGTCAACCTTTCACTCTGACGGAAATCATCACCATGGCAATAGTCGCCGCACTCGT
NAEMFVMAPENLGYSYEAEWPGQPFTLTETITITMATIVAALYV
GGTGGTTGCGGTCATTTTCGCTGCCACCACGTGTGCCGTGCGAGCCCGGTCCTACAGGATGGAGGGCCACCAGCCTCTGCTCAGCGATCAGTACCAGCGCTACGACGATGACAAAAGCCA
VVAVIFAATTT CAVRARSYRMETGHAG QPILTLSDA QY QQRYDDTDTIKSAQ
GTCTGTAGTatgcgtgtttgaacacaagcttcacctttgtgccttttctctttacttatgcagtttgtttgttttacctgaatctcaccggagaaagtgtagatttttaaaaatc
S vV Vv %
ctatttatgctgcactaatatttttacatcaaaaactgcaatagttcatttttctttaaaaaaaacccagaatagagcagatgcaaatattttacttttccatgtgcacaaaagttgtet
cgttgcaagttggagatttctggtaagtttgagaatgtgtttcaatttanaggtgatcaagtgtaaagaatgetgattictgggaagtgatccacaattttctgtaacttattaacttttt

ttttaacactttttacgtaatggaaagcttaatgttagtggaatacactgctgaataattaaacacctacaacttgaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Bl ZF8E yrpl-29 FED P51 ST HCBE BEHE (ORF) T 1) & 5 12 1 571

Fig.1 ORF sequence and deduced amino acid sequence of #yrp7-29 in Japanese flounder

ANTTREN O B R AR A s R, T IR

The start locus (ATG) and the terminal locus (TGA) are boxed in the short frame, the same as below

FF3k 2k B T NCBI, DL ENS JF3k 2k B TAEL B
Ensembl, £5 3R o, 0 E 3 /N AR tyrpl
R A A, FEE tyrpl1-29 FeH 5088 025 o fi]
o, HE . IKRIEE S Y tyrpla RSO RBGE, 1M
KW tyrpl-38 FER Sl | FEEFBE DS AN trplb
FGRRBGE . MR A 6T tyrp1-29 F tyrp1-38 43 5]
Y5 M tyrpla R tyrplb FEH , NCBI GenBank % 5% %5
435 MF095844 il MF095845 .,

23 tyrplait X EELR

HIE 4 WTLIE ), yrpla BFRIBEEAE IEH A 6F 1
IR akim, BKRZ, =2, 1ERFRE.
IR ANRR i A R0k, TERRARECR . S ERALIA . MR
WUA L 88 T EALGEF AR orpla 3R
BRTE A SR IR R RA R em, PEIRIRZ, =
HEEBILPAL, 75 B2k | SEANN Pt 35 220K, FERR BBk |

GRS RN 7R
2.4 FBERTN

JEL RO L ANERGA

H Bielefeld Biolnformatics Service RNAhybrid )
PHEATHEIE TR S, A5 tyrpla 3'UTR X RS 119~
126 bp 4b5 mmu-143 7] GEAFFEHEXT R 5C R (] 5).

25 mmu-143 KH*EEELER

HIE 6 AT LI H, miRNA mmu-143 78 1E % F 6F
vERR R R s, BIRZ, B =R, B TTE
HER L ARBSN, HALA A A FE; mmu-143
FEAACA SRR ILIA h Rib e, ikZ, 5=
SEVERR, TERCRK . MEEBECRL . 6. WG, EEALA . I
BEL . B E RO IR A RIE . K mmu-143 B
GRS yrpla WE RS R LB L, tyrpla TE1E
B R R FRE RIS T R R, 1 mmu-143



54 W B B 39 %
1 acatggggactcttggggggatacatttctgcagacggagaggagcagACAGTCAGAGCATGTGGAGAGCGGGCCTCCTGGTGGTGACCCTGTGTGCCGCCCAAACGCTGGCCCA
1 MHSQSMWRAGLTLVYVVTLCAAQTTLAZQ
121 GTTCCCCCGTGAGTGTGTTACCCCCGAGGGGCTGCAGAGTGGTCAGTGCTGCCCGTCCCCTACAGGGGTGGCTGGGGACGAGTGTGGCTCCAGCACAGGGAGGGGGCAGTGTGTGTCCAT
25 FPRECVTPEGLA QSGQCCPSPTG GVAGDET CGSS STG GRS G QCVSI
241 TGCAGCAGACAACCGGCGCCACGGACCCCAGTATCCTTACGCGGGGCGAGACGACAGGGAGAGGTGGCCGCTGAGGTTTTTCAACCGCACCTGCCAGTGCAATGGAAATTTTAGT GGCTA
65 AADNRRHGPQYPYAGRDDRERWPLRTEFFNRTICQCNGNTFZSGY
361 CAACTGCGGGGGATGCCGACACGGGCTGTCCGGACCGAACTGTGATCAGAGGATCTCTGTGGTGAGGAGGAATATCATGCAGATGAGCGCGTCGGAGAAGCAAGCATTCGTGAACGCTCT
105 NCGGCRHGLSGPNCDA QRISYVVRRNTIMQQMSASEI KA QATFVNATL
481 GGACCAAGCTAAGAGGACCATCCACCCTGACCTGGTCATCTGTACTCGACGGTACCAGGAGGTGTTTGGGCCCGATGGCAACAGCCCACAGTTCGAGAACATCACCATTTACAACTACTT
145 DQAK RTIHPDLVICTI RRYQEVFGPDGNSPQFENTITTIYNTYTF
601 TGTTTGGAGCCACTACTACTCTGTCAGCAAAACCTACCTGGGGCCAGGCCAGGCGAGCTTTGGAGGTGTAGACTTCTCCCACGAGGGCCCAGGTTTTGTCACCTGGCACCGTTTCCATCT
185 VWSHYYSVSKTYLGPGQASFOGGVDFSHEGPGFVTWHRTFIHL
721 GTTGCAGCTGGAGAGAGACATGCAGGACATGCTGGGTGAACCCACCTTTGCCCTGCCCTACTGGAACTTTGCCATCGGCGGCAGTGACTGTGATATCTGCACGGACGACCTGATGGGAGC
225 LQLEZRDMAQDMLGEPTTFALPYWNTFAIGGSDT CDTIT CTUDTDTLMGA
841 CAGGAGTAGCTTTGACATGAACTCCATCAGCACCAACTCTGTGTTCTCCCAGTGGAGGGTCATCTGCGAGAGTGTGGACGACTACGACTCGCTGGGCACCGTGTGCAACAACTCAGAAAC
265 RSSFDMNSISTNSVFSQWRYICESVYDDYDSLGTVCNNSTET
961 CAGTCCCATCAGGAGGAACCCCGCGGGCAACGTGGCACGGCCCATGGTGCAGAGGTTGCCAGAGCCCAAGGACGTGCTGGACTGTCTGGAGCTCAACACCTTCGACACGCCGCCCTACTA
305 SPIRRNPAGNVARPMYVQRLPEPIKDVLDC CLELNTTFIDTZPPYY
1081 CTCCACGTCCTCCGAGAGCTTCAGGAACACCATAGAAGGCTACAGCGCCCCTCAGGGGATGTACGACCCGGTGGTCCGCAGCCTCCACAACCTGGCCCACCTCTTCCTCAATGGGACGGG
345 STSSESFRNTTIEGYSAPQGMYDPVVRSLHNLAHLTFLNGTSG
1201 CGGGCAGACTCACCTCTCGCCCAACGATCCCATCTTTGTCCTGCTGCACACCTTCACCGACGCCGTCTTTGAAGAGT GGCTGAGCCGGCACGCGCCAGGTGAAATAGTGTACCCCGAGGA
385 ¢GQ THLSPNDPTIFVLLHTFTDAVFEEWLS SR RHAPGETIVYPESTE
1321 GAACGCTCCTATTGGGCACAACCGCAGGTCCAACATGGTTCCCTTCTGGCCTCCTGTCACCAACGCCGAGATGTTTGTCTCTGCCCCAGAAAACCTGGGATACTCCTACGAGGTCCAGTG
425 NAPIGHNZRRSNMVPFWPPVTITNAEMFVSAPENLGYS SYEVQVW
1441 GCCAGCTCGTGCTTACACCCTGTCTGAGATCATCACCATAGCTATCGTTGCGGCAGTGCTGGTAGTGGCGGTGGTGGGCGGCGTCATCGCCTGCGCTGTGCGTGCCCGCTCCTACCGATC
465 PARAYTLSETITITTIAIVAAVLVVAVYVYGGVIACAVRARSYRS
1561 GGCCGAGGCTTTGGAGCCGCTGCTGGGAGAGACTTTCCGACGCTACTCTGAGGACGACCGGCGTTTGGACAAATCGCAGTCTGTCGTATGARaccat gect ttgtagagaggcct teaca
505 AAEALEPLTLGETT FRRYSEDDRRLDI KT SA QSVV %

1681 ttgtcatgecatttgtttecttttttecctttttttttaaatacceccgactttttttaataaaggtgaactggtgtcagagccaggaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

99

K2 FEF tyrpl-38 FEFE Y 5 B FLH IR B EAE (ORF) Tl 14 2 JE 2 )7 471

Fig.2 ORF sequence and deduced amino acid sequence of #yrp7-38 in Japanese flounder

50 Gasterosteus aculeatus tyrplb (ENSGACG00000015912)
100 _{ A Paralichthys olivaceus tyrp1-38
Oryzias latipes tyrplb (ENSORLG00000004723)
99 Danio rerio tyrplb (NP_001002749.1)
Fugu rubripes tyrpla (ENSTRUGO00000012615)
99 Oryzias latipes tyrpla (ENSORLG00000004326)

56 4|: Gasterosteus aculeatus tyrpla (ENSGACG00000019503) |tyrpla
96 @ Paralichthys olivaceus tyrp1-29

Danio rerio tyrpla (ENSDARG00000029204)

99 tyrplb

Xenopus tropicalis tyrpl (NP_001016476.1)
Gallus gallus tyrpl (NP_990376.2)

tyrpl

99 [ Homo sapiens tyrpl (NP_000541.1)
—— 100 Mus musculus tyrpl (NP_112479.1)

B3 DUND kS i R G e
Fig.3 The phylogenetic tree based on NJ method

55 N N H P FTE GenBank/Ensembl )% 555 (85 P. olivaceus A1)

GenBank/Ensembl numbers of nucleotide sequences are shown in the brackets (except P. olivaceus)
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Fig.7 The results of dual luciferase experiment

ANTR] B R A ] 22 5 B 3 (P<0.05)
Different letters represented significant difference
between groups (P<0.05)



56 ook B

%39 %

2005) . 4+ (Berryere et al, 2003) . -(Gratten et al, 2007)
1 H A4 39 (Nadeau et al, 2007) B A BK G, E
AHGE RN, B AP REZLEAE 2 M rpl BY[FIR
L, BN tyrpla R tyrplb(Braasch et al, 2007 . 2009).
ARG I SPE SRABAE P B R I T yrpl 19 2 e
AR, it — BRI 2 NERAR prpl-29
tyrpl1-38 539N tyrpla Fl tyrplb FEH

Tyrpla FEPRAE TE 5 R0 AR 2 6 ) A R ) sz BBk L TG
HRAM S Jik . A HRAMATLEAL . JCHRAWAILPY | PERR . 6 ik
Jr o WRCGOMELCEMEL WUNE . FFREIX 13 AL
FIREH2E 5. IEH P A 6725 HZH yrpla
Tk REIR A 2L, Hatimm T A& 4 48U 3k
KA, X450 5 Y R IAE I — BU(H R,
2014), JEM tyrpla nTRES 55 oF AR 35 7 v MR G )
e M B BRI, E AR WK, IER ARk
tyrpla FEPR )RR AL i T AL R R i Rk A
X5 tyrpla JEFREAR HE 8 G5 400 B R A2 L
R (HEFE4E, 2009), H'5 ol il pas R —%, K
WK, tyrpla FERITEE T E AL GF 09 VR A A
ik, TEMETRRI . FFANLA L . B AL I R L
AKIE,

EMFLS A S b B A SEHE] . miRNA BE
A 3 R R PR SR A ) R 8 3R 9JE AL, B miR508-3p
(Zhang et al, 2017), miR-21a-5p (Wang et al, 2016).
Ipa-miR-nov-66 (Yang et al, 2015). miR-204 (Apopo
et al, 2015)%:, MicroRNA-203 figii i 59K 35 1 5b
AHELAE T, DT 345 R 0, 2% 200 i v B 0, 3K e o T S
1% 25 35 (Noguchi ef al, 2014; Zhang et al, 2014), A
I, X B miRNA (35500, AT RS Bh 34T
ZHIT miRNA e BT A D BE, B4 it
B miRNA 75 8F (1 4 b 1y 40 F IR #E R

it rpla S mmu-143 fE =GR LR
th, TEEIEFMEAA SR . UL PR .
i A b Rk B —E MR L BISCER, Bl prpla
TEAE W 4 B p IR b p SRk R s T B AR B, T
mmu-143 7 A 8F 5 Jik b i 26 2K 8 29 0 TE Rk
Y 2.1 £%. RNAhybrid S0 25 5 B, nf AR
i E —FAFAERE LD OG5, XU 2R i S 4 i — Ik
ST RMAEERR, WY mmu-143 208 5 R4
tyrpla FE R )RR 0 A 6F A K A 1Y

AWML E A GEAFAE 2 B yrpl RN,
tyrpla ®l tyrplb B, SR WK, nrpla TEIEHR
FEE R R Ry s B S T AR P R s A
5 mmu-143 7 1F 5 F AR K o i 238 NIBF AR

181 5 vl e 45 2R — 30 AN Rl S 0 45 AUk ]
tyrpla 5 mmu-143 fEPEREIEA BAECR , X —452R
F& TR AR T HLE AR

Apopo S, Liu H, Jing L, et al. Identification and profiling of
microRNAs associated with white and black plumage
pigmentation in the white and black feather bulbs of ducks by
RNA sequencing. Animal Genetics, 2015, 46(6): 627-635

Berryere TG, Schmutz SM, Schimpf RJ, ef al. TYRP1 is associated
with dun coat colour in Dexter cattle or how now brown
cow? Animal Genetics, 2003, 34(3): 169-175

Braasch I, Liedtke D, Volff JN, et al. Pigmentary function and
evolution of tyrpl gene duplicates in fish. Pigment Cell &
Melanoma Research, 2009, 22(6): 839-850

Braasch I, Liedtke D, Volff JN, ef al. Pigmentary function and
evolution of tyrpl gene duplicates in fish. Pigment Cell &
Melanoma Research, 2009, 22(6): 839-850

Braasch I, Schartl M, Volft JN. Evolution of pigment synthesis
pathways by gene and genome duplication in fish. BMC
Evolutionary Biology, 2007, 7: 74

Burton D, Vokey J, Mayo D. Adrenoceptors in cryptic patterning
of a flatfish, Pleuronectes americanus. Proceedings of the
Royal Society Biological Sciences, 1995, 261(1361): 181-186

Cui J, Sun SR, Miao LX, et al. The research progress of TYRP1
regulate animal pigment formation. Chinese Veterinary
Surgeon, 2009, 36(9): 94-96 [#EF%, FhSFoE, &, .
TYRP1 HERE G S8 (R Bt R & Bos
&, 2009, 36(9): 94-96]

Del MV, Ito S, Jackson 1, et al. TRP-1 expression correlates with
eumelanogenesis in human pigment cells in culture. FEBS
Letters, 1993, 327(3): 307-310

Dong C, Wang H, Xue L, et al. Coat color determination by
miR-137 mediated down-regulation of microphthalmia-
associated transcription factor in a mouse model. RNA,
2012, 18(9): 1679-1686

Farabee WC. Notes on negro albinism. Science, 1903, 17(419): 75

Ghanem G, Fabrice J. Tyrosinase related protein 1 (TYRP1/gp75)
in human cutaneous melanoma. Molecular Oncology, 2011,
5(2): 150-155

Gratten J, Slate J. Compelling evidence that a single nucleotide
substitution in TYRP1 is responsible for coat-colour
polymorphism in a free-living population of Soay sheep.
Proceedings of the Royal Society B Biological Sciences,
2007, 274(1610): 619-626

Hearing VJ. Biochemical control of melanogenesis and melanosomal
organization. Journal of Investigative Dermatology Symposium
Proceedings, 1999, 4(1): 24-28

Ito S. The IFPCS presidential lecture: a chemist's view of
melanogenesis. Pigment Cell Research, 2003, 16(3): 230-236

Jackson 1J, Chambers DM, Tsukamoto K, et al. A second
tyrosinase-related protein, TRP-2, maps to and is mutated at
the mouse slaty locus. Embo Journal, 1992, 11(2): 527-535



TEATAE: T tyrpla M yrplb HSEE R tyrpla 5 mmu-miR-143-5p R+2 P LR 57

Jiménez-Cervantes C, Solano F, Kobayashi T, et al. A new
enzymatic function in the melanogenic pathway. The 5,
6-dihydroxyindole-2-carboxylic acid oxidase activity of
tyrosinase-related protein-1 (TRP1). Journal of Biological
Chemistry, 1994, 269(27): 1799318000

Ke YL. Albino disease in humans and animals. Science and
Culture, 2006, 11 [Fk5E. NS5ahryEemE. Biaes
34k, 2006, 117

Kim KH, Bin BH, Kim J, et al. Novel inhibitory function of
miR-125b in melanogenesis. Pigment Cell & Melanoma
Research, 2014, 27(1): 140-144

Koga A, Hori H. Albinism due to transposable element insertion
in fish. Pigment Cell Research, 1997, 10(6): 377-381

Li KL. Molecular cloning and expression analysis of pigmentation-
related genes, Sox10, Agouti, Tyrpl and Dct, in Oujiang
color commom carp, Cyprinus carpio var. Color. Master's
Thesis of Shanghai Ocean University, 2014 [Z225E/K. KRIT
FHMAR A HEL Sox10, Agouti, Tyrpl. Dct i3T5
B S FIRIIHT. IR IR 2RO 3, 2014]

Li YZ, Chen SL, Xing HF, et al. Preliminary study on the
albinism of half-smooth tougue sole (Cynoglossus
semilaevis). Journal of Fisheries of China, 2014, 38(1):
76-83 [ZAMEL, BRARAK, THRBLK, 45, PSR
HIPIEESE. K224k, 2014, 38(1): 76-83]

Liang W, Guo DS, Song J, ef al. An example of a white silver
larynx was found in the Xiaolongmen forest of Beijing.
Chinese Journal of Zoology, 2000, 35(1): 59 [#2fF, R4,
RIS, A AL IS R — 15 AR R L .
B2, 2000, 35(1): 59]

Nadeau NJ, Mundy NI, Gourichon D, ef al. Association of a
single-nucleotide substitution in TYRP1 with roux in
Japanese quail (Coturnix japonica). Animal Genetics, 2007,
38(6): 609-613

Noguchi S, Kumazaki M, Yasui Y, et al. MicroRNA-203 regulates
melanosome transport and tyrosinase expression in melanoma
cells by targeting kinesin superfamily protein 5b. Journal of
Investigative Dermatology, 2014, 134(2): 461-469

Nowak MA, Boerlijst MC, Cooke J, et al. Evolution of genetic
redundancy. Nature, 1997, 388(6638): 167-171

Schmidt-Kiintzel A, Eizirik E, O'Brien SJ, et al. Tyrosinase and
tyrosinase related protein 1 alleles specify domestic cat coat
color phenotypes of the albino and brown loci. Journal of
Heredity, 2005, 96(4): 289-301

Schmutz SM, Berryere TG, Goldfinch AD. TYRP1 and MCIR
genotypes and their effects on coat color in dogs. Mammalian
Genome, 2002, 13(7): 380-387

Seikai T, Watanabe T, Shimozaki M. Influence of three geographically
different strains of Artemia nauplii on occurrence of albinism
in hatchery-reared flounder Paralichthys olivaceus. Bulletin
of the Japanese Society of Scientific Fisheries, 1987, 53(2):
195-200

Seikai T. Influences of fluorescent light irradiation, ocular side
pigmentation, and source of fishes on the blind side
pigmentation in the young Japanese flounder, Paralichthys
olivaceus. Suisanzoshoku, 2010, 39(1): 21-60

Seikai T. Process of pigment cell differentiation in skin on the
left and right sides of the Japanese flounder, Paralichthys
olivaceus, during metamorphosis. Ichthyological Research,
1992, 39(1): 85-92

Takahashi YI. Influence of stocking density and food at late
phase of larval period on hypermelanosis on the blind body
side in juvenile Japanese flounder. Nihon-suisan-gakkai-shi,
1994, 60(5): 593-598

Wang P, Zhao Y, Fan R, et al. MicroRNA-21a-5p functions on
the regulation of melanogenesis by targeting Sox5 in mouse
skin melanocytes. International Journal of Molecular Sciences,
2016, 17(7): 959

Yamamoto T, Fukusho K, Okauchi M, et al. Effect of various
foods during metamorphosis on albinism in juvenile of
flounder. Nihon-suisan-gakkai-shi, 1992, 58(3): 499508

Yang S, Fan R, Shi Z, et al. Identification of a novel microRNA
important for melanogenesis in alpaca (Vicugna pacos).
Journal of Animal Science, 2015, 93(4): 1622-1631

Yoo JH, Takeuchi T, Tagawa M, et al. Effect of thyroid hormones
on the stage-specific pigmentation of the Japanese flounder
Paralichthys olivaceus. Zoological Science, 2000, 17(8):
1101-1106

Zhang B, Zhang J, Sun L. In-depth profiling and analysis of host
and viral microRNAs in Japanese flounder (Paralichthys
olivaceus) infected with megalocytivirus reveal involvement
of microRNAs in host-virus interaction in teleost fish. BMC
Genomics, 2014, 15(1): 1-15

Zhang J, Liu Y, Zhu Z, et al. Role of microRNAS508-3p in
melanogenesis by targeting microphthalmia transcription
factor in melanocytes of alpaca. Animal, 2017, 11(2): 236—
243

Zhang QJ, Chen YL, Xie SH. An example of an albino Wang Jin
snake was found in the Shaowu of Fujian. Chinese Journal
of Zoology, 2009, 44(2): 47 [5kFk4x, BEAc%s, /0. 1
HEAREL B AL E AR, S A, 2009, 44(2):
47]

Zhu XW, Xu YJ, Liu XZ, et al. Physiological mechanisms for
degeneration of blind-side hypermelanosis in pond-cultured
Japanese flounder (Paralichthys olivaceus). Progress in
Fishery Sciences, 2017, 38(1): 103—110 [4221K, %kIT,
Wi, 2. Wl FE5E - 8F (Paralichthys olivaceus) JCHR
44 €2, R8T BR LB ek B 2 BE R, 2017, 38(1):
103-110]

Zhu Z, He J, Jia X, et al. MicroRNA-25 functions in regulation
of pigmentation by targeting the transcription factor MITF
in Alpaca (Lama pacos) skin melanocytes. Domestic Animal
Endocrinology, 2010, 38(3): 200-209

(%4 )



woor B o

-
el

%39 %

The Identification of tyrpla and tyrplb in Japanese Flounder (Paralichthys
olivaceus) and the Regulation Study of tyrpla and mmu-miR-143-5p R+2

WANG Ruoqing'?, WANG Na'*”, WANG Renkai'?, CHEN Songlin'*

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. College of Fisheries and Life Sciences, Shanghai Ocean
University, Shanghai  201306; 3. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National

Laboratory for Marine Science and Technology, Qingdao 266071)

Abstract The albinism in Japanese flounder aquaculture has become a common phenomenon and
influenced its large-scale farming and market value. Based on the albinism and normal Japanese flounder
transcriptome and miRNA sequencing, tyrosinase related protein 1(tyrp/) and mmu-miR-143-5p R+2
(mmu-143) were chosen for expression pattern, target gene prediction and verification analysis. Firstly,
tyrpla and tyrp1b were screened and identified by RACE and phylogenetic analysis. Subsequently, RNA
hybrid was used for the prediction of the targeting relationship between #yrpl/a and miRNA mmu-143,
which was further verified by dual luciferase experiment. Finally, the results of the quantitative real
time-PCR (qRT-PCR) showed that the expression of #yrpla gene in normal skin of Japanese flounder was
significantly higher than the albinism skin, and the expression of mmu-143 in normal skin was
significantly lower than the albinism skin. The present study identified two transcripts of #yrpla and
tyrplb from Japanese flounder. Dual luciferase experiment and qRT-PCR analysis confirmed that #yrpla
was the target gene of mmu-143, and mmu-143 affected the albino of Japanese flounder by regulating
tyrpla. The results of this study will be helpful to fully understand the molecular mechanism of Japanese
flounder albinism.

Key words Japanese flounder (Paralichthys olivaceus); Albinism; mmu-miR-143-5p R+2; syrpla; tyrplb
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